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http://dx.doi.org/10.1016/j.bgm.201Abstract The objective of this study is to explore the relationship between migration ability
and invadosome organization in human oral squamous cancer cells. Wound healing assay,
immunofluorescence, Western blotting, and matrix metalloproteinase zymogen gel assay were
utilized to investigate the phenotype changes of three oral squamous cancer cells (OC3, OC3-
I5, and OC3-IV2). Among these three cell lines, selective subpopulations of OC3, OC3-I5, and
OC3-IV2 have high migratory ability compared to OC3 in a wound healing assay. Moreover,
immunofluorescence showed that formation of actin dots and paxillin rings in OC3 was less
than in OC3-I5 and OC3-IV2. Minor differences of other adhesion molecules and matrix metal-
loproteinase activity have also been observed. Enhanced cell migration ability and increased
invadosomes have been detected in both in vitro selection cell line OC3-I5 and in vivo selection
cell line OC3-IV2, suggesting that there may be a correlation between migration activity and
invadosome formation in invasive oral cancer cells. Therefore, it would be interesting for us
to continue discovering more invadosome components and evaluate whether they play any role
in the regulation of the invasion ability of oral cancer cells.
Copyright ª 2013, Taiwan Genomic Medicine and Biomarker Society. Published by Elsevier
Taiwan LLC. All rights reserved.Introduction
Head and neck squamous carcinoma has become a major
health problem worldwide. It includes cancers of the oralof Applied Science, National
anda Road, Hsinchu City 300,
e.edu.tw (H.-C. Chou).
an Genomic Medicine and Bioma
3.07.007and nasal cavity, pharynx, and larynx. Over 80% of these le-
sions are oral squamous cell carcinoma, which is the sixth
most prevalent cancer in the world and ranks among top
three cancers in Asia. Approximately 6000 new cases of oral
cancer are diagnosed each year in Taiwan, resulting in over
3000 deaths annually.1 The main causative factors for oral
cancer include tobacco smoking, alcohol drinking, and viral
infections such as infection with human papilloma virus. Like
other cancers, oral squamous cell carcinoma not only grows
in situ, but also has multiple characteristics such as cellrker Society. Published by Elsevier Taiwan LLC. All rights reserved.
80 S.-H. Wang, H.-C. Chouproliferation, migration, invasion, and even metastasis.2 In
Taiwan, a second cancer develops in over 3% of patients each
year and in over 20% of patients during their lifetime.
Migration is an essential ability of certain cells, e.g.,
immune cells transmigrate to sites of infection and cancer
cells spread, on their way, to distant sites during metastasis.
While cancer cells migrate, they need to encounter many
biobarriers, including blood vessel walls, tissue boundaries,
and the meshwork of the extracellular matrix (ECM), to
ensure their smooth travel inside the human body.2
Podosomes and invadopodia are called invadosomes.
They have specialized cellematrix contact proteins, such as
vinculin, paxillin, talin, and actinin, to regulate cell adhe-
sion and migration.3 Furthermore, invadosomes also
contain matrix metalloproteinases (MMPs), which promote
cleavages of different ECM components. Thus, they are
considered as potential key devices of proteolytic cell in-
vasion. In this research, we intend to investigate changes in
the migration activity and invadosomes in invasive oral
cancer cells.Figure 1 Migration abilities of OC3, OC3-I5, and OC3-IV2 cell line
indicated times. (B) Relative wound healing rates between 8 hours
** p < 0.01, *** p < 0.001. OC3 Z oral carcinoma 3 cell lines.Materials and methods
Cell line and culture
Oral carcinoma 3 cell lines (OC3) was established from a 57-
year-old oral squamous cancer cell (OSCC) patient. Oral
carcinoma 3-IV2 (OC3-IV2) was derived by in vivo selection
in nude mice and oral carcinoma 3-I5 (OC3-I5) by in vitro
selection using a transwell assay. All of them were main-
tained in Dulbecco’s Modified Eagle’s medium supple-
mented with 10% (v/v) fetal bovine serum, L-glutamine
(2mM), streptomycin (100 mg/mL), and penicillin (100 IU/
mL; all from Gibco-Invitrogen Corp., Paisley, UK). All cells
were incubated at 37 C and 5% CO2.
Wound healing assay
Cells were seeded at a density of 2  105 cells per well into
12-well plates and incubated for 24 hours (about 90%s. (A) Wound healing of these three cells photographed at the
/0 hours, 16 hours/0 hours, and 24 hours/0 hours. * p < 0.05,
Figure 2 Formation of invadosomes in the OSCCs. (A) OC3,
(B) OC3-I5, and (C) OC3-IV2 were stained with paxillin (upper
left), phalloidin (lower left), and DAPI (lower right). Each
microscope field of view was taken by the same exposure time
for the purpose of making quantitative comparisons, and
images are representative of over five different fields. (D)
Number of total actin dots on 100 cells each of OC3, OC3-I5,
and OC3-IV2 cell lines. * p < 0.05, ** p < 0.01, *** p < 0.001.
Figure 3 Levels of JAM-A, paxillin, and vinculin protein ex-
pressions in OC3, OC3-I5, and OC3-IV2 cell lines. Cells were incu-
batedwith 10% FBSmedium for 24 hours, then lysed and analyzed
for JAM-A, paxillin, vinculin, and GAPDH by Western blotting.
FBSZ fetal bovine serum; OC3Z oral carcinoma 3 cell lines.
Migration and invadosome in oral cancer 81confluence). Wound gaps were made by a sterile 10 mL
pipette tip through a premarked line. The experiment was
conducted from 0 hours to 24 hours. Cells that migrated
into the wounded area or protruded from the border of the
wound were visualized and photographed under an inverted
microscope.
Immunofluorescence
The cell fixing, immunostaining, and fluorescence image
analysis methods used in this study were similar to our
previous research.4
Western blotting
The methods of quantifying and separating cell lysates
using Western blotting were similar to our previous work.4
Primary antibodies used in this study included JAM-A, pax-
illin, vinculin, and glyceraldehyde 3-phosphate dehydro-
genase (GAPDH).
MMP zymogen gel assay
Cells were seeded at a density of 5  105 cells per well into
six-well plates and incubated for 24 hours (about 90%
confluence). The serum-free conditioned media were
collected and mixed with nonreducing 4 sample buffer,
and were then subjected to sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) with 10%
polyacrylamide gels copolymerized with 1% gelatin. Gels
were rinsed in 2.5% Triton X-100 for 1 hour with gentle
rocking at room temperature and then incubated in
Zymogen buffer for 24 hours at 37 C. Gels were stained
with filtrated 2.5% Coomassie brilliant blue R250. After
destaining, zymogen signals were quantified by densitom-
etry. Zymogen activities of MMP-2 and MMP-9 wereDAPI Z 40-6-diamidino-2-phenylindole ; OC3 Z oral carci-
noma 3 cell lines; OSCC Z oral squamous cancer cell.
Figure 4 Zymographic analysis of MMPs secreted from OC3, OC3-I5, and OC3-IV2 cell lines: (A) representative MMP gelatin
zymography of cell lines and (B) bar graphs illustrating changes in pro-MMP-9 and MMP-2 zymographic activities. OC3 Z oral
carcinoma 3 cell lines; MMP Z matrix metalloproteinase.
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respectively, against a dark gel background.5
Results
Migration ability of human OSCC cell lines
Migration rates of three OSCC cell lines were determined by
wound healing assay. Among these three cell lines, OC3-I5
and OC3-IV2 have clearly accelerated migration ability
compared to OC3 (Fig. 1), suggesting that the enhanced
migratory ability occurred after either in vitro or in vivo
selection of OC3.
Invadosome formation in human OSCC cell lines
For cell adhesion and tissue invasion, matrix-degrading cell
adhesions (the so-called invadosomes) are formed.
Accordingly, invadosomes share the features of podomes
and invadopodia that contain actin dots, ECM-binding pro-
teins, and actin-regulatory proteins, such as N-WASP, Arp 2/
3 complex, and paxillin. Invadosome formation was inves-
tigated by immunofluorescence. The typical marker actin
dots and paxillin rings have been observed in human OSCC
cell lines. Among the three cell lines, OC3 has the leastnumber of actin dots. Furthermore, invadosomes in OC3-I5
and OC3-IV2 appeared to migrate near the cell boundaries
(Fig. 2).JAM-A, paxillin, and vinculin protein expression
levels in human SCC cell lines
JAM-A, paxillin, and vinculin proteins are parts of invado-
somes and play important roles in cancer cell proliferation
and migration. We further detected expressions of the
abovementioned proteins in different human OSCCs, by
Western blotting. Data showed that the level of paxillin and
vinculin in both OC3-I5 and OC3-IV2 cells was significantly
higher than that in OC3. Interestingly, trace amount of JAM-
A was detected in OC3-IV2 (Fig. 3).MMP zymogen gel assay of human OSCC cell lines
Due to the recruitment of MMPs to invadosomes and
enhanced migration in both selected OSCCs, we next
evaluated enzymatic activities of MMP-2 and MMP-9 in three
OSCC cell lines using gelatin zymography. Data showed a
slightly increased MMP-9 activity in OC3-I5 and OC3-IV2
(Fig. 4).
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Despite great progress in radiation therapy and surgery,
survival of patients with human oral squamous cell car-
cinomas has not improved much in the past 30 years.
Previous studies indicated that invadosomes are poten-
tial key structures in proteolytic cell invasion. In this
study, our data showed that the migration rate and or-
ganization of invadosome structure in invasive oral can-
cer cells were promoted (Figs. 1 and 2). In contrast to F-
actin, paxillin, and vinculin, JAM-A was not expressed in
OC3-IV2 (Fig. 3). We consider that although OC3-IV2 may
not express integrin aLb2 heterodimers, which is JAM-A,
it can express other types of integrins to drive cell
migration. Data of zymographic analysis showed a slight
difference in MMP-9 activity in invasive cells (Fig. 4).
Taken together the changes observed in migration ac-
tivity and invadosome formation in invasive oral cancer
cells during our preliminary results, it is worthy to
compare the expressions of adhesion molecules in OSCCsto better understand the metastasis of invasive oral
cancer cells.
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